The natural history of valvar aortic stenosis in children is uncertain. This report analyzes serial clinical and catheterization data of nine initially asymptomatic children. The first hemodynamic study was performed at an average age of 6.8 years, and the follow-up study at an average age of 13.1 years. Cardiac indices and left ventricular enddiastolic pressures were consistently normal in all patients. The peak transvalvar pressure difference increased between the initial and final studies in seven out of nine patients. The gradient ranged from 15 to 40 mm Hg (mean 28.2) at the first study, and from 20 to 100 mm Hg (mean 61.6) at the most recent evaluation. Severe stenosis (gradient> 50 mm Hg, normal cardiac output; or calculated orifice < 0.7 cm2/m2) developed in five of nine patients during a 6.8 year average follow-up. The obstruction advanced from mild to moderate in two patients; mild obstruction was unchanged in the remaining two. While the onset of symptoms and changes in the electrocardiogram suggested the possibility of severe obstruction in two patients, there was a poor correlation between the presence of symptoms, the results of the electrocardiogram, the results of the chest X-ray, and the transvalvar pressure gradient in any individual patient. The results of this study suggest that a progressive increase in the severity of obstruction may occur commonly, even in young children, and support the application of serial hemodynamic study to routine patient management.
had moderate pressure differences between the left ventricle and aorta and, while the longest interval between cardiac catheterization studies was only 2 years, no major hemodynamic changes were noted. Unfortunately, the site of left ventricular outflow obstruction was not specified in four of these patients,l and two others did not have an accompanying clinical or hemodynamic description. 2 The interruption of the course of aortic stenosis by operation as well as the lack of prospective information concerning the outlook of patients with valvar aortic stenosis of known hemodynamic severity necessitate a largely retrospective view of the natural history. Accordingly, a search was conducted of the patient records of 1958-1970 of the Balboa Naval Hospital that yielded serial Follow-up catheterizations were performed for similar indications, or becawse of the onset of symptoms or to complete the present study. Seven males and two females comprise the study group. The average age at which a presumptive diagnosis of aortic stenosis was made by clinical examination was 16 months (range, birth-4 years). Initial cardiac catheterization was performed at an average age of 6.8 years (range, 3'%-10 years) and follow-up study occurred at an average age of 13.1 years (range, 62-20 years). The severity of obstruction to left ventricular outflowwas assessed by left heart catheterization in each of the patients on two or more occasions.
Results

Associated Malformations
Associated congenital cardiovascular malformations were noted in two patients. Coarctation of the aortic isthmus was present in one child (CW), and was associated with a small patent ductus arteriosus in another (DM). Successful repair was accomplished in both patients, and their serial hemodynamic data includes pre-and post-coarctectomy and intraoperative determinations of left ventricular and aortic pressures ( All nine patients were asymptomatic at the time of initial hemodynamic evaluation, and seven patients remained so at follow-up study. Exertional fatigue and dyspnea developed in two patients (WG and RG) in whom a significant increase in the severity of obstruction was noted at recatheterization 932 and 6 years, respectively, after their first study. Bacterial endocarditis did not complicate the course of any patient.
Physical Findings
Normal growth and development was observed in all nine patients. A left ventricular lift, a systolic thrill, an early systolic ejection sound, and an ejection murmur were detected in each patient at both the initial and followup hemodynamic studies. Although carotid pulse tracings were not recorded graphically, the carotid upstroke was thought to be normal initially in all of the patients and delayed subsequently in three patients with, Circulation, Volume XLIII, January 1971 and in one patient without, severe obstruction at recatheterization. None of the patients exhibited paradoxical splitting of the second heart sound or the presence of a fourth heart sound.
A grade 1-2/6 aortic diastolic blowing murmur was present in one patient (RG) throughout the follow-up period, and was noted prior to final hemodynamic evaluation in three additional patients (CW, MH, and DM). Both systemic arterial diastolic and pulse pressures were normal in these patients, and aortic regurgitation was not judged to be clinically significant in any of them. was accompanied by a leftward and superior shift of the mean spatial T vector, and by a widening of the angle between the mean QRS and T vectors in the frontal plane. Both of these patients showed a left ventricular "9strain"' pattern (S-T segment depression and T-wave inversion in the left precordial leads) at the time of the second cardiac catheterization, although the initial electrocardiograms 9 years earlier satisfied voltage criteria for left ventricular hypertrophy in only one (CW; fig.  1 ) and was normal in the other (WG).
Radiologic Findings
Posteroanterior, lateral, and oblique views of the heart with barium in the esophagus were analyzed serially over the course of follow-up in each patient. The over-all heart size and configuration remained normal in six patients. Mild left ventricular enlargement and suggestive left atrial enlargement evolved in two patients in whom significant obstruction developed (WG and CW). However, a minimal degree of left ventricular enlargement was also observed prior to both the For purposes of analysis, the intraoperative pressure determinations were considered as initial data in the two patients who underwent coarctectomy ( fig. 2) Aortic valvotomy was performed successfully in three patients (WG, CW, and ML), all of whom were found to have a bicuspid aortic valve with fusion of the anterior commissure and an eccentric, stenotic orifice. Operation was advised for patient RG, but this recommendation has thus far been refused.
Discussion
In his recent review, Hoffmann has clearly delineated the prerequisites for assessing the natural history of aortic stenosis.2 Such an evaluation has been difficult because the development of objective means for the determination of the severity of aortic stenosis by left heart catheterization and the initial attempts at operative treatment occurred almost simultaneously. The nine children with valvar aortic stenosis who form the basis of this report do not come from an ideal unselected population, since recatheterization was performed only in those children in whom more significant obstruction was suspected. Nonetheless, several important facts emerge from an analysis of their serial clinical and hemodynamic findings, and some general conclusions can be drawn.
The degree of left ventricular outflow obstruction progressed significantly in seven of nine (78%) of these children. In general, the furthest progression was noted over the longest follow-up periods. Five patients with either mild or moderate obstruction on initial evaluation were later found to have severe aortic stenosis with peak systolic gradients in excess of 50 mm Hg in the presence of a normal cardiac output. While the onset of symptoms and changes in the electrocardiogram suggested the possibility of severe obstruction in two patients, there was a poor correlation between the presence of symptoms, the results of the electrocardiogram, the roentgenographic size of the left ventricle, and the transvalvar pressure gradient in any individual patient. Aortic regurgitation was not a hemodynamic problem for either of the two patients in whom it was present. In these two patients there was no history of bacterial endocarditis.
It should be emphasized that the progressive intensification of obstruction noted in the present series occurred in the first two decades of life. It would appear from the follow-up studies of Campbell6 that congenital aortic stenosis is a progressive disorder, especially beyond the third decade. However, the results of his analysis6 of patients with aortic stenosis deteriorating before age 20 led to the conclusion that such children must have had severe stenosis from birth. The present investigation does not support this view, but rather suggests that a significant number of young patients who die suddenly or become ill from 
